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Abstract

Initial results of upper-tropaspheric water vapor obtained from
the Microwave Limb Sounder (MLS) on the Upper Atmosphere
Research Satellite (UARS) are presented. MLS is less affected by
clouds than infrared or visible techniques, and the UARS orbit
provides daily humidity monitoring for approximately two-thirds of
the earth. Best results are currently obtained when water vapor
abundances are approximately 100-300 ppmv, corresponding to
approximately 12-km height in the Tropics and 7 km at high lati-
tudes. The observed latitude variation of water vapor at 215 hPa is
in good agreement with the U.K. Universities’s Global Atmospheric
Modelling Project model. The ability to observe synoptic-scale
features associated with tropopause height variations is clearly
illustrated by comparison with the National Aeronautics and Space
Administration Goddard Space Flight Center assimilation model.
Humidity detrainment streams extending from tropical convective
regions are also observed.

1. Introduction

The global climate system is at the forefront of
environmental concerns. Anthropogenic increases of
greenhouse gases such as carbon dioxide could lead
to enhancement of net downward radiative flux from
the upper troposphere and a warmer climate. Water
vapor is the most important greenhouse gas. (e.g.,
Manabe and Wetherald 1967; Houghton et al. 1990;
Jones and Mitchell 1991), and the anticipated climate
change arising from any increase in the anthropogenic
greenhouse gases critically depends on the water
vapor response to the additional radiational forcing.
Assuming that the relative humidity remains un-
changed, water vapor will amplify the climate re-
sponse to changes in greenhouse gas concentra-
tions, or to any other climate forcing. The water vapor
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content increases exponentially with increasing tem-
perature for a constant relative humidity. The addi-
tional water can trap more radiation and cause further
heating until @ new equilibriumis established (Manabe
and Wetherald 1967, Betts and Ridgeway 1989).
The positive feedback rote of water vapor has been
observed under clear-sky conditions {Raval and
Ramanathan 1989; Rind et al. 1991). Water vapor and
cloud abundances are highly coupled, and cloud feed-
back varies considerably among current generat cir-
culation models (Cess et al. 1990). Although the
climate sensitivity feedback associated with water
vapor is generally believed to be strongly positive, itis
possible that the combined effects of clouds, precipi-
tation, dynamics, and water vapor may act as a net
negative feedback system. Lindzen (1990) argues that
increased surface temperature would increase con-
vection, which would dry the upper troposphere through
subsidence. Based on cirrus cloud observations dur-
ing an El Nifio event, Ramanathan and Collins (1991)
hypothesize that a runaway water vapor greenhouse
effect over the warm oceans is checked by a negative
feedback from increased reflectivity of upper-tropo-
spheric cirrus anvils formed from condensed moist air.

Evaluation of the relative importance of these
effects has been hindered by a lack of upper-tropo-
spheric humidity (UTH) data. Understanding the cli-
mate system requires global-scale modeling, and
global water vapor measurements are needed for
validating general circulation model performance.
The only practical method of obtaining continuous
global data is through satellite observations. Signifi-
cant progress is being made 1o acquire this informa-
tion. High horizontal and temporal resolution is now
available using multichannel infrared imagers aboard
geostationary satellites, which includes the U.S. Geo-
stationary Operational Environmental Satellite (Soden
and Bretherton 1993; Udelhofen and Hartmann 1994)
and the European Geosynchronous Meteorology Sat-
ellite (METEOSAT) (Schmetz and Turpeinen 1988)
platforms. Multichannel high-resolution infrared im-
agers currently fly on U.S. National Oceanic and
Atmospheric Administration polar-orbiting satellites
that allow full global coverage with one instrument but
with poorer temporal resolution. The infrared instru-
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